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In 1986 the World Health Organization (WHO) and the International Society of Hypertension (ISH) 1 stated very tentatively that "increased physical activity is likely to reduce the risk of cardiovascular disease and is appropriate in mildly hypertensives". In 1991 a consensus document entitled Physical exercise in the management of hypertension was published by the World Hypertension League 2 which concluded that exercise programmes can contribute to the management of hypertension, enhance the sense of well being, and may improve life expectancy. In 1992 the WHO/ ISH recommended lifestyle interventions such as weight reduction in the overweight, reduction of alcohol consumption, regular mild exercise in sedentary subjects, and salt restriction in the primary prevention of hypertension.
3 In 1993 this was followed by a memorandum of the WHO/ISH 4 which stated that "it appears reasonable to advise that eVorts to lower blood pressure by lifestyle modifications, including exercise, should normally precede any decision about the necessity of drug treatment of mild hypertension". At approximately the same time the US Joint National Committee on the Detection, Evaluation and Treatment of High Blood Pressure 5 stated that physicians should vigorously encourage their hypertensive patients to adopt lifestyle modifications, including increased physical activity. The American College of Sports Medicine 6 recommended endurance exercise to reduce the incidence of hypertension in susceptible individuals and as the initial treatment strategy for individuals with mild to moderate hypertension. Since then, regular exercise has been widely advocated as an eVective tool in the non-pharmacological treatment of hypertension and as an adjunct to its pharmacological treatment. Nevertheless, the evidence on which this view is based is sometimes challenged. 7 8 In this review I will try to summarise the evidence for the role of exercise in the treatment of hypertension and also point out areas that are still uncertain.
Hypertension, cardiovascular risk and treatment Cardiovascular risk and blood pressure are positively correlated: the higher the blood pressure, the higher the risk of both stroke and coronary events. 9 The current dividing line between normotension and hypertension lies at the level of blood pressure above which intervention has been shown to reduce the risk. 4 The operational classification of hypertension by the World Health Organization/International Society of Hypertension is shown in table 1.
The worldwide prevalence of hypertension is high. In most countries 15-25% of the adult population have raised blood pressure at screening. In most of these individuals blood pressure is mildly elevated. 4 Lowering of blood pressure in patients with hypertension by pharmacological treatment significantly reduces the risk of stroke and myocardial infarction. 10 The reduction of mortality from myocardial infarction is, however, less than predicted from observational studies. There is considerable suspicion that some of the drugs used may have adverse eVects which partly counteract the benefits of the blood pressure reduction. 8 Nonpharmacological blood pressure reductionfor instance, by regular exercise-therefore seems an attractive alternative. However, no prospective randomised trials have been performed to show that exercise training reduces cardiovascular morbidity and mortality in hypertensive patients.
The evidence that regular exercise has hypotensive eYcacy comes from both epidemiological and intervention studies.
Hypotensive eYcacy of exercise

EVIDENCE FROM EPIDEMIOLOGICAL STUDIES
Two large epidemiological studies in the United States (Harvard Alumni Study and Aerobics Center Longitudinal Study) seem to suggest that normotensive individuals with a low level of physical activity or fitness have an increased risk of developing hypertension in the future. 11 12 On the other hand, the results from epidemiological studies that have prospectively studied the association between changes in physical activity or physical fitness and changes in blood pressure are inconsistent, with the majority finding no attenuation of the increase in blood pressure in those who improved their fitness or increased their physical activity. 7 Several, but not all, large epidemiological studies have reported an inverse relationship between blood pressure and level of physical activity or physical fitness. 6 13 Thus, although there is some evidence from epidemiological studies that regular exercise is associated with lower blood pressures, the evidence is by no means very strong. This may be inherent to this type of study where level of physical activity is very diYcult to measure reliably and many confounding factors, such as diet and body weight, may play a part.
EVIDENCE FROM INTERVENTION STUDIES
In the 1990s a number of meta-analyses and reviews of controlled intervention studies on the eVects of regular exercise on blood pressure have been published. [13] [14] [15] [16] [17] [18] A summary of their results is shown in table 2. The picture that emerges from these meta-analyses is quite clear: aerobic exercise training reduces resting systolic and diastolic blood pressure. The range of mean blood pressure reductions in the meta-analyses including only randomised trials 15 17 tends to be smaller than in metaanalyses with less stringent inclusion criteria (4-5/3-4 mm Hg versus 3-10/3-8 mm Hg; table 2). 13 14 16 In only one of the approximately 50 reviewed studies was an increase in (diastolic) blood pressure found. It has been shown that a reduction in diastolic blood pressure of 5-6 mm Hg by pharmacological treatment is associated with a 42% reduction in the incidence of stroke and a 14% reduction in coronary heart disease. 10 Ambulatory blood pressure is more closely related to hypertension-related target organ damage than casual resting blood pressure. 19 Fagard 20 reviewed the studies in which the effect of exercise training on ambulatory blood pressure was studied. Since ambulatory blood pressure measurement is a relatively new technique, the number of studies is small (n = 10). Fagard concluded that daytime systolic and diastolic blood pressure seemed to be reduced in subjects with initially raised blood pressures. Night-time blood pressure in general did not change significantly. Hagberg and Brown 16 stated that the reductions in ambulatory blood pressure tended to be smaller and less consistent than those for casual blood pressure, but felt this was not surprising in view of the inherent variability in ambulatory blood pressure recordings.
All the meta-analyses in table 2 report considerable heterogeneity in hypotensive eYcacy between studies. A large number of known and unknown individual and environmental factors probably contribute to this heterogeneity. It is the challenge for the future to be able to predict which subjects under what environmental conditions will benefit from exercise intervention.
LEVEL OF BLOOD PRESSURE
It is not entirely clear whether the hypotensive eVect of exercise training is diVerent in hypertensive and normotensive subjects. Although a more pronounced blood pressure reduction by aerobic exercise in hypertensives is suggested by the analyses of Fagard 13 and Hagberg and Brown, 16 this finding was not confirmed by Halbert et al. 17 On the other hand, in studies where normotensive and hypertensive subjects followed the same training programme, the blood pressure change was always greater in the hypertensive subjects than in the normotensive subjects. 13 
AGE, SEX, AND ETHNICITY
The eVects of age, sex, and ethnicity on the blood pressure reducing eYcacy of exercise training have been reviewed by Hagberg and Brown. 16 They conclude that it is possible that middle-aged hypertensives reduce their blood pressure more with exercise training than both their younger and their older counterparts. In addition, they reported that Asians and Pacific Islanders may be more responsive than Caucasians. There are still insuYcient data in Africans and African Americans to assess the hypotensive eYcacy of exercise in these populations. Hagberg and Brown 16 did not find evidence for a sex diVerence in responsiveness.
AEROBIC OR RESISTANCE EXERCISE TRAINING
The blood pressure lowering eYcacy of dynamic resistance exercise training was addressed in the meta-analysis by Kelley. 18 The number of studies (n = 9) with resistance exercise training as the only training modality is still much smaller than that using aerobic exercise. The number of studies in hypertensive subjects (n = 3) is even more limited. Nevertheless, the analysis showed reductions of resting systolic and diastolic blood pressure with dynamic resistance training comparable to those with aerobic exercise. In none of the reviewed studies was an increase in blood pressure found.
EXERCISE MODALITY
The aerobic exercise studies included in the above analyses used walking, jogging, cycling or a combination of these as training modalities. Guidelines for exercise training in the management of hypertension often mention other aerobic exercise forms such as swimming and cross country skiing.
2-4 These recommendations have been extrapolated from the eVects of other aerobic exercise forms and are not based on scientific evidence. There have been reports that blood pressure is increased in swimmers and cross country skiers compared with other athletes. 21 22 A recently published study by Tanaka et al 23 fortunately shows that swimming training also lowers blood pressure in hypertensive individuals: a change of -6/-5 mm Hg in supine blood pressure was found in the swimming group 
LONG TERM HYPOTENSIVE EFFICACY
The duration of the studies varied between four and 52 weeks. The meta-analysis by Hagberg and Brown 16 suggests that most of the blood pressure reduction is already obtained within the first 10 weeks (or even more rapidly) of training, but that there may be a small additional eVect (2-2.5 mm Hg) with more prolonged duration of the exercise programme. Although there are no controlled studies lasting more than one year, there are also no indications that the hypotensive eYcacy of exercise training gradually decreases.
EXERCISE INTENSITY, FREQUENCY AND DURATION
Fagard 13 showed in his meta-analysis that weekly frequency, time per session, and exercise intensity did not contribute significantly to the variance in blood pressure response to training. Halbert et al 17 also found no diVerence between programmes with training intensities of >70% and <70% VO 2 max or >3 and <3 sessions per week. However, these authors indicate that the absence of a diVerence may be due to the limited heterogeneity of the included studies. Hagberg and Brown, 16 on the other hand, who included more studies in their meta-analysis, did find a diVerence when studies with training intensities <70% and >70% VO 2 max were compared (9.5/7 versus 6.8/6.8 mm Hg). However, it is doubtful whether a clear picture can be derived from these meta-analyses because other programme-related or group-related factors may bias the results. In studies where low and high intensity training programmes have been directly compared, the lower intensity programmes were either more eVective [24] [25] [26] or as eVective 27 28 as the higher intensity programmes. It is worthwhile to study the relationship between exercise intensity and blood pressure reduction in more detail since low intensity training is associated with better adherence, lower musculoskeletal and cardiovascular risks, and is easier to implement.
Mechanism of blood pressure lowering eVect of exercise
Several mechanisms have been proposed for the hypotensive eYcacy of regular exercise. Studies by Japanese investigators suggest that the blood pressure reduction is initiated by volume depletion, induced by activation of the renal kallikrein-kinin, dopamine, and prostaglandin systems. 29 30 A subsequent reduction in sympathetic activity might be involved in the maintenance of the blood pressure reduction. 30 Jennings, 31 on the other hand, suggests that in Caucasians the primary events are an improvement of endothelium mediated vasodilatation 32 and an increase in systemic arterial compliance in large vessels, 33 34 although increases in arterial compliance are not always found. 35 This changes the aVerent input to the arterial baroreceptors. 36 The result could be a reduced sympathetic outflow to the renal bed 37 which could counterbalance any tendency to an increase in blood volume and thus blood pressure. It is quite possible that the antihypertensive mechanism of exercise training diVers among populations depending on the underlying hypertensive mechanism.
Kouamé et al 38 suggest that an attenuation of the cardiopulmonary baroreflex control of skeletal muscle vascular resistance after training at 70% VO 2 max compared with training at 50% VO 2 max may contribute to the less pronounced hypotensive eYcacy of higher intensity training compared with lower intensity training.
In addition to the direct eVects of regular exercise on blood pressure described above, exercise training may also aVect other factors that influence blood pressure such as diet, body weight, smoking, and alcohol consumption.
Exercise and cardiovascular risk reduction in hypertension
The ultimate goal of a recommendation of regular exercise to hypertensive subjects must be to reduce morbidity and mortality associated with hypertension. As stated above, to date there have been no prospective randomised trials to show that exercise training indeed reduces cardiovascular morbidity and mortality in hypertensive patients, and it is conceivable that other exercise induced eVects oVset the blood pressure lowering benefit of exercise in patients with hypertension. 7 An important study in this respect, which at least suggests that hypertensives benefit from regular exercise, is the Aerobics Center Longitudinal Study by Blair and coworkers. 39 In this study over 25 000 men and over 7000 women aged 20-88 years were followed for an average of eight years. Men and women were categorised into three cardiorespiratory fitness levels based on the outcome of a maximal exercise test at baseline: low (least 20%), moderate (next 40%), and high (most fit 40%). High fitness men with a systolic blood pressure >140 mm Hg had a 32% lower all-cause mortality rate than low fitness men. An even larger diVerence (81%) was found in women. However, no inverse gradient across fitness categories was seen for cardiovascular mortality in men with a systolic blood pressure of >140 mm Hg. In women the number of deaths from cardiovascular origin was too small to do this analysis. A raised blood pressure often clusters with other risk factors for cardiovascular disease. Blair et al 39 showed that high fitness men with a combination of two or three risk factors (smoking, high serum cholesterol, raised blood pressure) had a 15% lower death rate than low fitness men without one of these risk factors. The diVerence in women with 50% was even more pronounced. Assuming that the level of cardiorespiratory fitness is, at least partly, related to the level of exercise, these results indicate that hypertensive subjects may also benefit from regular exercise, although a direct reduction of mortality from cardiovascular diseases could not be demonstrated in this study. 39 It also remains unclear to what extent a reduction of blood pressure contributes to the beneficial eVect of regular exercise in hypertension. Regular exercise is also known to aVect other cardiovascular risk factors favourably, such as dyslipidaemia, insulin resistance, body weight, arterial compliance, left ventricular hypertrophy, or impaired cardiovascular reflex control. 40 41 On the other hand, even relatively small reductions of blood pressure such as those found during exercise training in hypertensive subjects may reduce the risk of stroke and other cardiovascular events considerably.
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Risks of exercise in hypertension Exercise has benefits but also risks. Fortunately the risk of the most serious complication of exercise-sudden death-is very low in the general population: estimations vary between 0 and 2 deaths per 100 000 hours of exercise, 42 although the risk increases in the presence of heart disease. 43 It has been suggested that hypertension increases the risk of sudden death or exercise induced myocardial ischaemic events. 7 On the other hand, regular exercise protects against sudden death or other cardiovascular events during exercise. 7 It is therefore generally believed that the benefits of regular exercise exceed the risks even in patients with cardiovascular disease, especially when individuals are encouraged to avoid sudden high intensity exercise. 6 43 Patients with hypertension are usually discouraged from participating in high intensity resistance training because of the excessive rise in blood pressure that may accompany such exercise. 44 However, an increased risk associated with high intensity resistance training in hypertensive subjects has not been documented. 6 The 26th Bethesda Conference of the American College of Sports Medicine and the American College of Cardiology recommends that the presence of mild hypertension in the absence of target organ damage or concomitant heart disease should not limit the eligibility for any competitive sports, whether dynamic or static. 45 A pre-exercise screening is often recommended for hypertensive patients. 2 7 43 In patients with more than a mildly raised blood pressure, drug treatment to reduce blood pressure will usually be initiated before the start of an exercise programme. 6 
Combination of pharmacological treatment and exercise
In patients with mild hypertension in whom non-drug lifestyle interventions do not result in adequate blood pressure reduction, and in patients with more severe hypertension, drug treatment will often be combined with an exercise advice. 4 6 Several publications have reviewed the interaction between exercise and antihypertensive drug treatment. 6 46-49 There is convincing evidence that -adrenoceptor blocking agents impair endurance exercise performance considerably; an average reduction of 40% is found with 1+2 -adrenoceptor blocking agents and a reduction of 20% with 1 -adrenoceptor blockers. 47 Subjective exertion is also increased during exercise in hypertensive patients treated with beta blockers. 47 Treatment with -adrenoceptor blocking agents is therefore not attractive for physically active patients with hypertension, although some exercising patients may tolerate 1 -selective agents well. Other antihypertensive agents such as calcium antagonists, ACE inhibitors, and -adrenoceptor blocking agents usually have no significant eVect on exercise performance. If significant eVects are found, they always tend to be negative. 48 50 51 The effects of diuretics on exercise performance have not been studied very well. Diuretics may induce arrhythmias during exercise in the presence of hypokalaemia. 46 49 There is very little information on the combined eVects of drug treatment and exercise on blood pressure and results have been inconsistent. 6 46 47 49 It has been suggested that the reduction in blood pressure resulting from regular exercise may lead to lower dosages of antihypertensive drugs to control blood pressure, 6 but in the literature very few data can be found to support this suggestion. Another important question is whether regular exercise still exerts its other beneficial eVects such as increase in fitness, improvement of insulin sensitivity, lowering of blood lipids, in combination with drug treatment. This is an area where further studies are badly needed in order to provide a scientific basis for the combination of drug therapy and exercise training in hypertension.
Exercise recommendations
The recommendations for exercise in hypertensive individuals follow those for the general public 6 43 52 : frequency 3-5 times per week; intensity 50-85% VO 2 max; duration 20-60 minutes of continuous activity; mode of activity that uses large muscle groups and is rhythmic and aerobic in nature; resistance exercise (minimum of two days per week, 8-12 repetitions of the major muscle groups) is recommended as an integral part of each programme. In 1993 the American College of Sports Medicine added that exercise with an intensity of 40-70% VO 2 max appears to lower blood pressure as much as, or even more than, higher intensity exercise. Resistance exercise was not recommended as the only form of exercise for hypertensive individuals but rather as part of a well rounded fitness programme. 6 Since then recommendations have further stressed the eVectiveness of low to moderate activity 43 and the value of relatively short lasting activities (intermittently, as short as 8-10 minutes at a time) amounting to a total of 30 minutes or more over the course of most (and preferably all) days of the week outside formal exercise programmes. 53 
Summary
Regular exercise is recommended in the non-pharmacological treatment of hypertension. Intervention studies show that regular exercise lowers blood pressure. The average reduction of blood pressure in several metaanalyses of studies on the eVects of aerobic exercise training in hypertensive patients ranges from 4 mm Hg to 10 mm Hg. The smaller reductions are reported for the better designed studies. Individual (level of blood pressure, ethnicity) and environmental factors (type of exercise programme) may influence the hypotensive eVectiveness of exercise programmes. Several hypotheses have been put forward to explain the reduction in blood pressure resulting from regular exercise. It is possible that the mechanism diVers across populations because of diVerences in the underlying hypertensive condition. There are no long term studies showing that regular exercise lowers the risk of cardiovascular morbidity and mortality in hypertensive individuals. Nevertheless, epidemiological data suggest that a high fitness level protects against the influence of risk factors for cardiovascular mortality such as a raised blood pressure.
In many patients regular exercise will be advised as an adjunct to drug treatment. Data on the hypotensive eVectiveness of exercise in such combinations are limited. Moreover, the interaction between antihypertensive agents and other potentially beneficial eVects of regular exercise is often not known.
Despite the fact that a number of uncertainties with respect to the optimal exercise programme and the combined eVects of drug treatment and exercise exist, there is suYcient direct and indirect evidence to encourage sedentary hypertensive patients to become more active in order to improve their health and fitness.
